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(54) CONTROLLER FOR ELECTRIC VEHICLE 
(57)Abstract 

PURPOSE: To enhance the protection coordrnation and 
the redundancy of an inverter at the time of failure 
thereof. 

CONSTITUTION: The controller for an electric vehicle 
comprises an inverter 3 for converting DC power into 
three-phase AC power, a permanent magnet 
synchronous motor 5 connected through three-phase 
output lines U, V, W with the three-phase AC output 
terminals of the inverter 3, contactors 6a, 6b for opening 
the three-phase output lines U, W between the inverter 
3 and the permanent magnet synchronous motor 5, and 
a control means 4 for normally closing the contactors 
6a, 6b and opening the contactors 6a, 6b when detecting 
a failure in the inverter 3. 
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^ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLjMMS 



[Claim(s)] 

[Claim 1] The electric-rolling-stock control unit which has an open means to open said three- 
phase-circuit output line between the inverter which changes direct current power into three- 
phase-circuit alternating current power, the permanent magnet synchronous motor connected to 
the three-phase-circuit alternating current output terminal of this inverter through a three- 
phase-circurt output line, and said inverter and said permanent magnet synchronous motor. 
[Claim 2] The electric-rolling-stock control unit which has an open means to open said three- 
phase-circuit output line between the inverter which changes direct current power into three- 
phase-circuit alternating current power, the permanent magnet synchronous motor connected to 
the three-phase-circuit alternating current output terminal of this inverter Ihrough a three- 
phase-circuit output line, and said inverter and said permanent magnet synchronous motor, and 
the control means which opens said open means when said open means is made to usually 
sometimes close and failure of said inverter is detected. 

[Claim 3] The electric-rolling-stock control unit characterized by equipping the output line of at 
least 2 phases with said open means among said three-phase-circuit output lines in an electric- 
rolling-stock control unit according to claim 1 or 2. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation nnay not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. {n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electric-rolling-stock control unit which 
controls the permanent magnet synchronous motor for an electric-rolling-stock drive. 
[0002] 

[Description of the Prior Art] In order to make it run the electric rolling stock of an AC-motor 
drive controlled by the ac^ustable eiectrical-potential-difFisrence variable frequency inverter 
(henceforth an inverter) smoothly, even if an inverter should break down, a failure part must be 
opened wide promptly, and an electric-rolHng-stock control unit must be constituted so that 
continuation of operation of electric rolling stock may be possible. 

[0003] On the other hand, although a three-phase-circuit induction motor is typical as a motor 
for a drive of electric rolling stock, three-phase-circuit alternating current power is supplied 
from an inverter, and development of the electric rolling stock driven with a permanent magnet 
synchronous motor (henceforth PM motor) is made in recent years. The surface magnet 
structure where the permanent magnet was stuck on the rotator front face of a motor, and the 
embedded magnet structure embedded to the interior of a rotator are large, and PM motor can 
be divided roughly into two kinds, is exceilerrt in maintainability, a controllability, and a resistance 
to environment, and since efficient and operations at high power factor are possible, it has the 
property desirable as a motor for an electric-rolling-stock drive, and the description. 
[0004] Drawing 2 is the block diagram of the electric-rolling-stock control unit which controls 
one set of PM motor by one set of an inverter, the line breaker 2 with which the direct current 
power collected through the pantograph 1 from strin^ng (not shown) performs ON OFF of a 
current — a passage — an inverter 3 — an adjustable electrical potential difference and a 
variable frequency — it is changed into alternating current power and the PM motor 5 is 
supplied. A control means 4 inputs the information P from the sensor (not shown) attached in 
the inverter 3, and the information R, such as a rotational frequency of the PM motor 5, and 
angle of rotation. And a motor electrical potential difference is calculated to an inverter 
frequency and a pan, and it outputs to them as a control signal C. An inverter 3 is controlled 
based on this control signal C. The inverter 3 consists of self-extinction of arc mold 
semiconductor devices 3a"^3f. Self-extinction of arc mold semiconductor devices here are a 
GTO thyristor. IGBT, etc., and are semiconductor devices which can be controlled by the control 
signal C from a control rheans 4 to a flow and non-switch-on in the timing of arbitration. Diode 
31 is connected to reverse juxtaposition at these self-extinction of arc mold semiconductor 
devices 3a-3f, respectively. 

[0005] Drawing 3 is drawing showing the actuation at the time of 3a of the self-extinction of arc 
mold semiconductor devices (henceforth a semiconductor device) 3a-3f which constitute an 
inverter 3 breaking down, and being always in switch-on in the conventional electric-rollings 
stock control device shown in drawing 2 . 

[0006] [f semiconductor device 3a carries out flow failure, since it becomes impossible for an 
inverter 3 to supply three-phase-circuit alternating current power to the PM motor 5, it will 
change a line breaker 2 into an open condition, and will stop actuation of an inverter 3. In this 
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case, as for electric rolling stock, rt is common by supplying three-phase-circuit alternating 
current power to other PM motors from other healthy electric-rolling-stock control units that 
operation continuation is carried out. However, when electric rolling stock continues operation, 
the rotator of the PM motor 5 connected to the inverter 3 will rotate. Since the PM motor 5 
consists of permanent magnets, also in the condition that there is no electric power supply from 
an inverter 3, magnetic flux occurs inside a motor and it carries out generator actuation. When 
semiconductor devices 3a-3f are in a healthy condition altogether at this time, a current does 
not continue flowing from the PM motor 5, but if semiconductor device 3a is carrying out flow 
failure, a short-circuit current will flow Hie interphase of the PM motor 5 according to the path 
of the arrow head in drawing. Therefore, if operation continuation of the electric rolling stock is 
carried out in this condition, the problem that the PM motor 5 results in burning by the 
overcurrent by the short-circuit current and overheating will arise. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, since operation was continued 
by other healthy electric-rolling-stock control devices even if it should intercept the electric 
power supply from the stringing side to the inverter with which the semiconductor device which 
constitutes an inverter carried out flow failure, and broke down with a line breaker etc. in the 
conventional electric-rolling-stock control device, the short-circuit current flowed through the 
inverter on PM motor, and electric rolling stock had the trouble of resulting in burning. For this 
reason, it becomes inr^ossible to have continued operation of the electric rolling stock itself, and 
the problem of checking operating operation has arisen. 

[0008] Then, it was made in order that this invention might solve the trouble mentioned above, 
and it aims at offering the electric-rolling-stock control unit in which the protection coordination 
at the time of failure of an inverter and improvement in redundancy are possible. 
[0009] 

[Means for Solving the Problem] In order to attain the purpose merrtioned above, invention 
according to claim 1 comes to have an open means to open the three-phase-circuit output line 
between the inverter which changes direct current power into three-phase-circuit alternating 
current power, the permanent magnet synchronous motor connected to the three-phase-circuit 
alternating current output terminal of this inverter through a three-phase-circuit output line, and 
an inverter and a permanent magnet synchronous motor. Moreover, invention according to claim 
2 comes to have an open means to open the three-phase-circuit output line between the 
inverter which changes direct current power into three-phase-circuit alternating current power, 
the permanent magnet synchronous motor connected to the three-phase-circuit alternating 
current output terminal of this inverter through a three-phase-circuit output line, and an inverter 
and a permanent magnet synchronous motor, and the control means which opens an open means 
when an open means is made to usually sometimes close and failure of an inverter is detected. 
Moreover, invention according to claim 3 comes to prepare an open means for the output line of 
at least 2 phases among three-phase-circuit output lines in an electric-rolling^-stock control unit 
according to claim 1 or 2. 
[0010] 

[Function] When the inverter broke down by the configuration mentioned above, since only the 
permanent magnet synchronous motor connected to this inverter can be electrically opened 
when stopping operation of an inverter, operation of electric rolling stock can be continued with 
other electric-rolling-stock control units, and it can prevent checking operating operation. 
Moreover, since the sum of a three-phase-circuit current is always zero, it can prevent 
remaining by equipping the output line of at least 2 phases with an open means among three- 
phase-circuit output lines, and a current flowing also to a plane 1. 
[0011] 

[Example] The example of this invention Is explained to a detail with reference to a drawing. 
Drawing 1 is the block diagram of the electric-rolling-stock control unit in which one example of 
this invention is shown, the line breaker 2 with which the direct current power collected through 
the pantograph 1 from stringing (not shown) performs ON OFF of a current — a passage — an 
inverter 3 — an adjustable electrical potential difference and a variable frequency — it is 
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changed into alternating current power and the PM motor 5 is supplied. A control means 4 inputs 
the information P from the sensor (not shown) attached in the inverter 3, and the information R, 
such as a rotational frequency of the PM motor 5. and angle of rotation. And a motor electrical 
potential difference is calculated to an inverter frequency and a pan. and it outputs to them as a 
control signal C. An inverter 3 is controlled based on this control signal C, an inverter 3 — 
semiconductor devices 3a~3f and these semiconductor devices 3 — it consists of diodes 31 
which boiled a-3f, respectively and were connected to reverse juxtaposition. 
[0012] Moreover, direct continuation of the PM motor 5 is not carried out to the three-phase- 
circuit alternating current output terminal of an inverter 3 through the three-phase-circuit 
output lines U, V, and W, but Contactors 6a and 6b are connected to the output line of two 
phase among the three-phase-circuit output lines U, V, and W, respectively. Contactors 6a and 
6b are thrown in and usually carry out open actuation of the time by the open command from a 
control means 4. 

[0013] [f any one [ semiconductor devices / 3a-3f / which constitute an inverter 3 ], or two or 
more semiconductor devices carry out flow failure, the PM motor 5 will carry out generator 
actuation also in the condition that there is no electric power supply from an inverter 3 as 
mentioned above. On the other hand, when a control means 4 detects using the information P 
from a sensor etc. that flow failure of semiconductor devices 3a-3f was attached by the inverter 
3, a control means 4 is the open command a2 to the open command a1 and Contactors 6a and 
6b to a line breaker 2. It outputs. Then, since a line breaker 2 is opened wide and Contactors 6a 
and 6b open the three-phase-circuit output lines U and W between an inverter 3 and the PM 
motor 5 further, it can prevent that a short-circuit current flows the interphase of the PM motor 
5. 

[0014] In addition, in this example, although the three-phase-circuit output lines U and W 
between an inverter 3 and the PM motor 5 are equipped with Contactors 6a and 6b, this is 
because a current will not flow to the output line V of the remaining plane 1 if it opens the 
output lines U and W of two phases of the three-phase-circuit output lines U, V, and W with 
Contactors 6a and 6b, since the sum of a three-phase-circuit current is always zero. Namely, 
what is necessary is just to open the output line of at least 2 phases among the three-phase- 
circuit output lines U. V, and W. therefore, the three-phase-circuit output lines U, V, and W — 
even if it forms open means, such as a contactor, in ail, of course, the same result as this 
example is obtained 

[001 5] Therefore, since only the PM motor 5 driven with the broken inverter 3 can be electrically 
opened even when the semiconductor devices 3a-3f which constitute an inverter 3 break down 
according to this example, electric rolling stock can make operation continue with other healthy 
electric-rolling-stock control units. 

[0016] Moreover, although Contactors 6a and 6b are used as a means to open the three-phase- 
circuit output lines U. V. and W which connect the PM motor 5 and an inverter 3, the same 
effectiveness is expectable, even if it transposes this to the non-contact type which used the 
semiconductor device or substitutes an overcurrent fuse etc. 

[0017] Altiioughthe case of the electric rolling stock which controls one more set of the PM 
motor 5 by one set of an inverter 3 was explained, since this invention is concerned with each 
PM motor, for example, when controlling two or more PM motors by one set of an inverter, it can 
acquire the same effectiveness by establishing an open means to each PM motor. 
[0018] Moreover, it can prevent that an unnecessary current flows into an inverter 3 by applying, 
when it is under snaking although opening an open means explained only the case where an 
inverter 3 broke down when not limiti'ng to this and stopping an inverter 3 intentionally during 
electric-rolling-stock operation for example, or when stopping some electric-rolling-stock 
control devices in the condition of there being comparatively littie acceleration and moderation 
force and ending. 
[0019] 

[Effect of the Invention] As explained above, according to this invention, in the PM motorised 
electric rolling stock controlled by the inverter, the electric-rolling-stock control unit in which 
the protection coordination at the time of the abnormalities in equipment and improvement in 
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redundancy are possible can be offered. 



[Translation donej 
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♦ NOTICES * 

JPO and HCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be -translated. 
Sin the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the electric-rolling-stock control unit in which one example 
of this invention is shown* 

[Drawing 21 It is the block diagram of the conventional electric-rolling-stock control unit. 
[Drawing 31 It is (&-awing explaining actuation of drawing 2 . 
[Description of Notations] 



1 — 


Pantograph 


2 — 


Line breaker 


3 — 


Inverter 


4 — 


Corrtrol unit 


5 — 


PM nrwtor 


6a, 6b — Contactor 



[Translation donej 
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* NOTICES ♦ 

jro and NCIPI are not responsible for any 
daraages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.4^*** shows the word which can not be translated 
3.[n the drawings, any words are not translated. 
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[Drawing 3] 
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[Translation done.] 
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